In recent years there has been a growing interest in methods for measurement of volatile organic inhalation anaesthetics. Determinations of the concentrations in respiratory gases, blood and body tissues are necessary in many experiments, such as investigation of the pharmacokinetics of new anaesthetic agents, while monitoring of the expired concentration may contribute to better techniques of anaesthesia.
Until now several different techniques have been used (Hill, 1973) . Recently, however, most analyses have been performed using gas chromatography (GC); by this method an accurate analysis can be made in a short time. The sample size for GC is relatively small and the technique has the advantage that several anaesthetics and respiratory gases can be analysed simultaneously. A disadvantage is the fact that continuous measurement of the concentrations is impossible.
The methods described here were applied to the in vivo investigation of the uptake and elimination of halothane in dogs (Beneken Kolmer et al., 1975) .
APPARATUS
The conditions for the analyses are such that, besides halothane, other anaesthetic agents must be determined also. The measurements are carried out using a Perkin Elmer 900 gas chromatograph. This instrument is equipped with a flame ionization detector, which is used for the detection of the organic anaes- thetics, and a katharometer which can be used for the detection of nitrous oxide and respiratory gases. Figure 1 shows a chromatograph obtained after injection of a mixture of air and some common anaesthetic agents. The separation of the components took place on a 20-cm stainless steel column (i.d. 22 mm), packed with Porasil S and Carbowax 400 (80-100 mesh).
The analysis conditions were as follows: The injected sample contained mixture components in concentrations varying from 0.1 to 0.7 vol%. Acetone was included in the analysis because it may be present in expired gases and in blood in disease states. Concentrations of anaesthetics in gas samples of unknown composition can be derived from measurements of the peak height only. The coefficient of variation of the peak height measurement in a series of 25 injections from a Hamilton gas-tight precision syringe is less than 2%. The relationship between concentration and peak height is determined daily with standard samples.
ANALYSIS OF ORGANIC ANAESTHETIC AGENTS IN BLOOD (HEAD SPACE TECHNIQUE)
Several methods for determining volatile anaesthetic agents in blood have been described. The most obvious would be the direct introduction of a small blood sample into the gas chromatograph, having the advantage of a short total analysis time (Lowe, 1964; Cousins and Mazze, 1972; Yokota et al., 1967) . For several reasons, however, the reproducibility of the quantitative analysis is poor; at low temperatures of the injection port the organic anaesthetic agent is released slowly, resulting in broad and asymmetrical peaks. At high inlet temperatures, clogging of the microsyringe occurs frequently, furthermore the gas chromatograph system is contaminated easily with protein material and "ghost" peaks may appear in the chromatogram.
Better results are obtained by methods in which the anaesthetic is released from the blood sample by extraction (Douglas, Hill and Wood, 1970; BrachetLiermain, Ferrus and Caroff, 1971; Atallah and Geddes, 1972; Jones, Molloy and Rosen, 1972) , distillation (Dyferman and Sjovall, 1962; Gadsden, Risinger and Bagwell, 1965) or equilibration techniques (Yamamura et al., 1966; Fink and Morikawa, 1970) . A common disadvantage of these techniques is the additional time required for the preparation of the sample.
The method selected in our laboratories is a head space technique. The sample preparation is as follows: one hundred microlitre of blood is introduced into a 25-ml volumetric flask, shortened at the graduation mark and closed with a silicone rubber serum cap ( fig. 2c) . The flask is placed in a shaker and agitated for 10 min. During this time the anaesthetic is equilibrated between the gas phase and the blood. Then 200 [xlitre of the gas phase is introduced into the gas chromatograph. In this way concentrations can be determined with a precision of 2.8-3.5 % if analyses are carried out within 3 hr after sampling. In this period of 3 hr, no decrease in gas concentration is found. Thus we conclude that no appreciable loss of halothane occurs through the silicone rubber serum cap.
Calculation of the concentration of anaesthetic agent in blood
A precisely known volume V blood containing 9 g of anaesthetic is introduced into the volumetric flask. After equilibration, the anaesthetic is divided between the gas and the blood phase and the following relation exists: 9=C b i O od V blood +C gas V gas (eqn. 1) Vgas being the gas volume of the volumetric flask (ml) after introducing the blood sample. C blood and C gaa are the concentrations of anaesthetic agent in blood and gas respectively (g/ml). At equilibrium:
2) where X is the blood-gas partition coefficient.
Combining equations 1 and 2 yields: gaa gg =C gas (V gas +XV blood ) (eqn. 3) Since V gaa (24.9 ml) and V b i 0?d (0.1 ml) are known, the amount 9 of the anaesthetic originally present in 100 (/litre of blood can be calculated if C gaB and X are determined.
It should be noted that, because of the large ratio v gas/ v biood (approximately 249:1), small errors in the determination of X do not influence appreciably the calculation of 9 using equation 3. This is especially so because of the small value of X as demonstrated in table I. 
Determination of Cgas in the volumetric flask
Cgas of unknown samples is derived from the peak height measurements. The relationship between the concentration and the peak height is determined daily from standard samples.
These standards are prepared by evaporation of a precisely known amount of anaesthetic in an airtight closed bottle of known volume (approximately 1 litre ( fig. 2B) .) The flask is provided with a serum cap. The glass stopper is sealed with a small amount of grease.
The peak height v. concentration curve is linear for concentrations between about 1 p.p.m. (vol/vol) and 5 vol%. In spite of the grease sealing and the rubber serum cap, no loss of halothane is demonstrated within a 3-hr period.
Determination of the blood-gas partition coefficient X
From equation 3 it follows that X can be determined if <p, V gag3 V blood and C^ are known.
A round bottom flask of 500 ml is closed at the top and provided with a serum cap (Cowles, Borgstedt and Gillies, 1971) (fig. 2A) . The volume of the flask has to be determined precisely.
A known volume of blood V blood (say 20 ml) is introduced into the round bottom flask by means of a precision syringe. An exactly known amount of anaesthetic <p (say 100 mg) is now introduced with a syringe via the serum cap. The flask is rotated. It should be noted that the partition coefficient X is influenced strongly by temperature. Therefore the rotating flask is placed in a water bath kept at the temperature at which the 25-ml flasks are shaken. At the end of each 2-min period the concentration of the anaesthetic in the gas phase (Cg^ is determined as described.
After approximately 6 min Cg^ will become constant. Since V sas = V F -V b]ood3 X can be calculated according to equation 3.
ANALYSIS OF ORGANIC ANAESTHETIC AGENTS IN INSPIRATORY AND END-TIDAL GASES
Organic anaesthetics in respiratory gases are measured by introducing a 0.5-ml sample into the gas chromatograph via a gas sampling valve.
The respiratory gases are transported continuously from the endotracheal tube via the sample loop to a vacuum system (pressure 0.37 atm). The transport line ( fig. 3) negligible mining between the individual samples of the sample "train" occurs. The connection tube is heated directly by direct current from a battery to prevent condensation of expired water vapour. The pressure decrease across the connection tube forces the inspired and expired gases through the sample loop. By exact timing of the moment of switching the sample loop either inspiratory or endtidal gases may be analysed. During artificial ventilation, as used in our experiments, a microswitch is attached to the ventilator (Harvard breathing pump). This microswitch starts a delay rimer which, after a preset time interval, in turn, triggers the sampling valve. The exact time intervals for inspiratory and end-tidal gases have to be determined experimentally. A detailed description of the system is given in figure 3 .
The concentrations of the anaesthetic agent in the respiratory gases are determined by comparison with a calibration curve. The calibration curve is constructed by inserting one end of the capillary connection tube through a serum cap into a flask containing a known concentration of anaesthetic. The pressure in the buffer vessel and therefore the pressure in the sample loop must be the same during analysis and calibration.
The system ensures very accurate analysis. The coefficient of variation of the peak height measurements is less than 2 %.
